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DISPH0SPH0NIC ACID SALTS FOR THE TREATMENT OF OSTEOPOROSIS 
OBJECT OP THE PRESENT INVENTION 

5 

Object of the present invention are salts of diphosphonic 
acids or diphosphonates and a procedure for their 
preparation. 

Object of the present invention is also the use of 
mentioned salts of diphosphonic acids or diphosphonates 
for treatment of osteoporosis. 

10 

Object of the present invention are again pharmaceutical 
compositions which contain, as active principle, the 
mentioned salts of diphosphonic acids or diphosphonates 
and the use of these compositions in the treatment of 
osteoporosis . 

15 STATUS OF THE TECHNIQUE 

As well known osteoporosis is a disease of the skeleton 
that is characterised by the disarrangement and by the 
loss of bone tissue, with increase of skeleton fragility 
and predisposition to fractures. 

As an example, is reported that in US this disease 
20 afflicts more than 25 millions of persons and it causes 
1.300.000 fractures every year. 

The social cost is consequently very high accounting for 
more than 10 billions of US dollars per year. The same 
figures are reported in Europe and in Japan. 
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The elderly is the population with the highest risk. 
Unfortunately the problem is becoming progressively more 
serious in the view of the progressive grow old of 
population. A forecast of the fracture incidence in the 
future sixty years assumes an increase of at least three 
times. Women are more exposed that men, particularly 
during the first 5 years after the menopausal period. 

At present, from a therapeutic viewpoint, either a mono- 
therapy with fluorides, as reported by Melmon & Morrelli, 
Clinical Pharmacology: Basic Principles in Therapeutics, 
497 (1992), N. Engl. J . Med. 306,446 (1982) is used, or 
addition use of combined therapies with calcium, 
fluoride and oestrogens are reported to retain some 
advantages as compared to the mono-therapy. 

Alternatively, another class of compounds prescribed for 
the treatment of osteoporosis includes disphosphonates ; 
these agents are mostly administered by oral route, but 
besides having the unsolved inconvenient of a poor 
absorption (from 1 to 5% of dose) , they also develop, as 
primary adverse events, oesophagitis and gastro- 
intestinal disorders of moderate-severe intensity. 

To overcame this inconvenient, several clinical studies 
have been carried out, in the search of new compounds 
that combine a high pharmacological activity together 
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with a better tolerability an increased bioavailability 
as compared to known available compounds. 

For example, in the treatment of uro-litiasis and for 
inhibition of bone resorption, diphosphonic acids and 
their salts are described in the US patent 4,621,077; 
namely, the biological activities of mentioned phosphonic 
acids or their corresponding sodium salts are reported. 
The degree of absorption, i.e. the bioavailability, of 
those compounds resulted however very low and for this 
reason, in order to achieve in the body active 
concentrations of the active principle, high doses had to 
be administered with consequent occurrence of gastro- 
intestinal adverse reactions which worse tolerability. 

OBJECTIVES OF THE INVENTION 

Objective of the present invention is to make available 
diphosphonates that have an increased bioavailability 
when administered by oral route. 

Objective of the present invention is also to make 
available diphosphonates that are more effective in the 
treatment of osteoporosis while retaining a lower 
incidence of oesophagus and gastro-intestinal adverse 
events as compared to those known compounds already 
available. 
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Again, objective of the present invention is to make 
available diphosphonates which can be administered both 
by oral or intravenous route. 

Again, objective of the present invention is to make 
available diphosphonates that display an improved 
therapeutic index in treatment of osteoporosis as 
compared to the known drugs at present used in the 
medical practice. 

Objective of the present invention is also to make 
available a procedure for the preparation of 
diphosphonates . 

Objective of the present invention is also to make 
available pharmaceutical formulations, containing at 
least one diphosphonate as active principle, easy to be 
administered, well tolerated and able to allow a high 
therapeutic index . 

DESCRIPTION OF THE INVENTION 

These and other objectives with further advantages which 
are clarified in the description below, are obtained by 
diphosphonates or salts of diphosphonic acids and linear, 
branched, substituted and non-substituted, cyclic, 
hetero-cyclic, aromatic amino-alcohol derivatives, said 
diphosphonates having the following general formula: 



•1 
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(i) 



OH R OH 

o=p— c— i=o 

OH R\ <!>H 

where R=R X or R*R X and R and Ri are chosen among H, OH, 
CI, linear or branched, substituted or not substituted 
alkyl groups, linear or branched, substituted or not 
substituted alkylidenic chain, or they are chosen among: 



10 



15 



20 



25 
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(IXJ 



More particularly, according to the present invention, 
mentioned amino-alcohols are chosen among linear and 
branched amino-alcohols, and specifically they are chosen 
among : 



10 



15 



20 



25 
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H 2 N— CH 2 CH 2 OH (XVI) 



HN 



^CHzCHzOH 



CH 2 CH 2 OH 



(XVII) 



10 



/ CH 2 CH 2 OH 
N — CH 2 CH 2 OH 
CH 2 CH 2 OH 



(XVIII) 



15 



CH 2 OH 

H 2 N— C — CH 2 OH 
I 

CH 2 OH 



(XIX) 



(CH 3 ) 3 N^CH 2 CH 2 OH (XX) 

Always according to the present invention, mentioned 
amino-alcohols are cyclic and hetero cyclic amino- 
alcohols and are chosen among 



25 
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(XXI) 

l 

CH 2 CH 2 OH 



O 



N 

A 



H 2 CH 2 OH 



(XXII) 



10 



15 



20 



X), 



(XXIII) 



H 2 CH 2 OH 



NH 

u 



(XXIV) 



N' 



CH 2 CH 2 OH 

Again, according to the present invention, mentioned 
substituted alkylidenic chain, defined in formula (I) , is 
chosen equal to: 



25 
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I— (ch^-n^ 2 ( x) 

with n within 1 and 6, where R 2 =R 3 or R 2 *R 3 and R 2 and R 3 
5 are chosen among H, linear or branched, cyclic, 
substituted or non-substituted alkyl groups, or R 2 and R 3 
represent, together with the nitrogen atom N, an 
aliphatic or aromatic hetero-cycle. 

Always according to the present invention, the 
10 substituted alkylidenic chain, defined in formula (I) , is 
also chosen equal to 

\ — (CH^-I^ (xr 

where n is within 1 and 6 and R 4 is chosen among: 

15 



20 



25 
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CH 3 
NH 




(XV) 



According to the present invention, of particular 
interest appeared the salt obtained between a 
diphosphonic acid of general formula (I), where R^R lf R 
is chosen equal to OH and R x is chosen as substituted 
linear alkylidenic chain of formula (X) , where n=3 , R 2 
and R 3 are equal to H according to the following formula: 



WO 99/02539 



PCT/EP98/04238 



12 



OH P—OH 

HO C — (CH2)3NH 2 

OH— P—OH 

& (XXVI) 

or 4-amino-l-hydroxybutane-l, 1-biphosphonic acid 

(alendronic acid) and one branched amino-alcohol of 
formula 

(pH 2 OH 
H 2 N- ? -CH 2 OH 
CH 2 OH 

or 2-amino-2-hydroxymethyl-l, 3-propanediol (trometamine) . 

Mentioned salts, always according to the present 
invention, depending upon the preparation procedure, are 
formed by the residues corresponding to the diphosphonic 
acid and the amino-alcohol in a variable molar ratio, 
while they can be advantageously used in the treatment of 
osteoporosis. Mentioned molar ratios can vary between 1:1 
and 1:2 ( diphosphonic acid : amino-alcohol). 

Diphosphonates according to the prior art, retain a non 
satisfactory pharmacokinetic profile, characterised by a 
very poor absorption from the gastro-intestinal tract, 
with a systemic bioavailability ranging between 1 to 5 % 
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of the oral dose. About 50% of the absorbed dose is then 
eliminated with the urine in 24 hours, while the dose 
left is retained by bone tissue and afterwards eliminated 
very slowly.. The unabsorbed diphosphonate is instead 
eliminated with the faeces. 

This behaviour has to be attributed to the physico- 
chemical properties of the products, which being highly 
hydro-soluble hardly penetrate the lipid membranes. Oral 
doses much higher than those bioavailable are then 
necessary to achieve and maintain a therapeutic effective 
concentration at the target site (bone) , with consequent 
increase of the local gastro-intestinal adverse events 
like nausea and diarrhoea. 

Diphosphonates according to the present invention, due to 
the lower dissociation degree of the salt and to the 
physico-chemical properties of the amino-alcohol , are 
characterised by a lower water solubility and an 
increased lipid solubility as compared to the known 
diphosphonates ( sodium salts) . 

These characteristics confer remarkable advantages in the 
absorption process trough the biological membranes, thus 
improving bioavailability. 

In addition, diphosphonates of the present invention, did 
show a promising pharmaco-toxicological profile in 
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relation to the expected use in the therapy of 
osteoporosis . 

The diphosphonates of the present invention show a good 
efficacy in stimulating bone growth, this being probably 
due to the known property of amino-alcohols of 
subtracting toxic-radicals produced by reactive species. 

The diphosphonates of the present invention can be easily 
administered both by intravenous and oral route. In this 
latter case, the use of pharmaceutical systems able to 
control the release of the active principle, are 
particularly advantageous. These systems include 
liposoms, niosomes and similar matrices, possibly added 
appropriate carriers which are of easy use and allow a 
sustained release of the active principle. 

The diphosphonates of the present invention are 
advantageously prepared by reacting a solution or 
suspension of diphosphonic acid of general formula (I) 
with an amino-alcohol dissolved in a proper solvent; the 
reaction product (salt) between the diphosphonic acid and 
the amino-alcohol, obtained by cooling the resulting 
solution, is then purified according to known techniques. 

As a non-limitative example of the present invention, 
some examples referring to the preparation of the salt 
obtained by reacting the diphosphonic acid of formula: 
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15 



20 



O 

OH }>— OH 

HO (j: — (CH 2 )3NH 2 

OH — p — OH 

(XXVI) 



6 



and the amino-alcohol of formula; 

io (j:h 2 oh 

H 2 N- ? -CH 2 OH 
CH 2 OH 

are hereafter described. 



25 



Example l 

4-amino-l-hydroxybutane-l, 1-biphosphonic acid, 
(alendronic acid, lg, 4.016 mmoles) ,was dissolved into 20 
mL of CH 2 C1 2 / methyl alcohol (9:1). 2-amino-2- 
hydroxymethyl-l, 3 propandiol, ( trometamine, 486 mg, 4.016 
mmoles) dissolved in 5 mL, of CH 2 C1 2 / methyl alcohol 
(9:1) was added under stirring to the alendronic acid 
solution. The white precipitate formed, was filtered and 
dried under vacuum. 

1.263 g of alendronate trometamine salt were obtained, 
yield 85%. 
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Example 2 

4-amino-l-hydroxybutane-l, l-biphosphonic acid, 

(alendronic acid, lg r 4.016 mmoles) , was suspended into 
2 0 mL water. 2-amino-2-hydroxymethyl-l , 3 propandiol, 
(trometaraine, 486 mg, 4.016 mmoles) was added, under 
stirring , to the aqueous solution of alendronic acid. 
Solids rapidly dissolved in water, the suspension becames 
clear, while the resulting solution, having a pH = 4.18, 
wass frozen and lyophilised to give a white powder. 

1.480 g of alendronate trometamine salt were obtained, 
yield 99%. 

Example 3 

4-amino-l-hydroxybutane-l , l-biphosphonic acid , 

(alendronic acid, lg, 4.016 mmoles) , was suspended into 40 
mL water. 2-amino-2-hydroxymethyl-l , 3 propandiol, 
(trometamine, 972 mg, 8.032 mmoles) was added, under 
stirring, to the aqueous solution of alendronic acid. 
Solids rapidly dissolved in water, the suspension becomes 
clear, while the resulting solution had a pH = 7.14 was 
frozen and lyophilised to give a white powder. 

1.97 g of alendronate trometamine salt were obtained, 
yield 99%. 

Example 4 
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10 



15 



20 



25 



4-amino-l-hydroxybutane-l , 1-biphosphonic acid , 

(alendronic acid, lg, 4.016 mmoles) ,was suspended into 5 
mli water, 2-amino-2-hydroxymethyl-i, 3 propandiol, 
trometamine (486 mg, 4.016 mmoles) was added, under 
stirring, to the aqueous solution of alendronic acid. 
Solids rapidly dissolved in water, the suspension becames 
clear, while the resulting solution had a pH = 4.18. !0 
ml* of iso-propylic alcohol were added and the resulting 
solution was cooled at a temperature of -10 °C overnight. 
The precipitate formed was filtered, washed twice with 
cool iso-propylic alcohol, then was dried under vacuum. 

743 mg of alendronate trometamine salt were obtained, 
yield 50%. 

The product obtained according to the procedures reported 
in the examples l, 2 and 4, was analysed by IR and 1 H-NMR 
spectroscopy . 

The melting point was 180.53 °C. 

1 H— NMR (300 MHz), (D 2 0) 5=3.615 (s 6H, CH 2 0) ; 2.920 (t, 
2H, N+-CH 2 , J=6.5 Hz); 1.900 (m, 2H, NCH 2 CH 2 CH 2 ) ; 1.890 
(t, 2H, NCH 2 CH 2 CH 2 , J=6 . 5 Hz). 

As an example, a non-limitative example is hereafter 
reported, referring to the preparation of a 
pharmaceutical formulation of the salt obtained by 
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reacting the diphosphonic acid of formula : 

? 

OH ]■> — OH 

5 HO <p — (CH2)3NH 2 

OH— P— OH 

A (XXVI) 
and the amino-alcohol of formula : 

CH 2 OH 
HoN—C — CH 2 OH 

2 T (xix) 

CH 2 OH 



Example 5 

15 Alendronate trometamine salt formulated in liposome 
matrix, 

- LECINOL LS (liposomes) , 20% 

- SALT OF 4-AMINO-l-HYDROXYBUTANE-l, 1-BIPHOSPHONIC ACID, 
(ALENDRONIC ACID) AND 2-AMINO-2-HYDROXYMETHYL-1 , 3 
PROPANDIOL, (TROMETAMINE) , 15% 

(Ratio between alendronic acid and trometamine =1:1) 

- TROMETA MINE BASE: 1% 

- CHOLESTEROL: 4% 

- PROPYLENG LYCOL : 10% 



25 



WO 99/02539 



PCT/EP98/04238 



19 

- ETHANOL; 1% 

- CARBOPOL ETD 2 020: 0.5% 

- Na Z EDTA : O . 15% 

- NXPAGTN? 0.2% 

5 - PHENONIP f CONSERVATIVES : 0.3% 

- CITRIC ACTD: 0.2 

- BHT: 0.01 

- WATER; to 100 % 

Dealing with the evaluation of the pharmaco-toxicological 
10 activity of the salts obtained by reacting diphosphonic 
acids of general formula (I) and amino-alcohols according 
to the present invention, biological tests were carried 
out taking as test compound the product alendronate 
trometamine obtained as described in the examples above. 

15 

EFFICACY 

A study on a tissue culture (scalp slices of new-born 
mouse prepared according to the method described by A. 
Togari, Gen. Pharmacol. 24, 113 3, 1993) was performed. At 
20 the end of the culture period, the tissue added (xmolar 
concentrations of the title product, was homogenised in 
saline plus 0.1% Triton X-100. 

25 



WO 99/02539 



PCT/EP98/04238 



20 

The obtained homogenate was used to determine alkaline 
phosphatase (as osteoblastic activity index) and N- 
acetylglycosaminidase (as osteoclastic activity index) . 
The test product starting from the 10 ^molar 
concentration, was shown to be able to activate in a 
significant manner the osteoblastic activity (alkaline 
phosphatase) and to inhibit the osteoclastic activity (N- 
acetylglycosaminidase) . 

TOXICITY 

The compound when administered orally to mice at the dose 
of 50 mg/kg, which is a multiple (x300 times) of the 
human therapeutic dose, did not cause the onset of 
apparent toxic symptoms, 

BIOAVAILABILITY 

A study carried out in rats administered both orally and 
intravenously the test compound, alendronate trometamine, 
at the 10 mg/kg dose allowed calculation of a mean 
absolute bioavailability equal to 8%, Calculation was 
performed on 0-24 hours urine elimination of alendronic 
acid according to the method described in J* of 
Chromatography, 533 , 183-193, 1992: "Improved 

determination of the biphosphonate alendronate in human 



WO 99/02539 



PCT/EP98/04238 



21 

plasma and urine by automated pre-column derivatisation 
and HPLC with fluorescent and electro-chemical 
detection" . 
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CLAIMS 

1. Diphosphonates or salts of diphosphonic acids and 
linear, branched, substituted and not substituted, 
cyclic, heterocyclic, aromatic amino-alcohol derivatives 
5 having the following general formula: 



10 



(j)HR OH 
0=P— i— P=Q (i) 



d)H Ri d)H 

where R=R X or R^Ri and R and R x are chosen among H, OH, 
CI, linear or branched, substituted or not substituted 
alkyl groups, linear or branched, substituted or not 
substituted alkylidenic chain, or they are chosen among: 



15 



20 



25 
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5 




2. Diphosponates according to Claim 1, characterised by 
the fact that the mentioned amino-alcohols are chosen 
among linear and branched amino-alcohols , and 
specifically they are chosen among: 

10 
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H 2 N— CH 2 CH 2 OH (XVI) 



10 



HN 



I 



CH 2 CH 2 OH 
CH 2 CH 2 OH 



(XVII) 



15 



^CHjCH^OH 
N^-CH 2 CH 2 OH 
CH 2 CH 2 OH 



(XVin) 



20 



CH 2 OH 
H 2 N — C — CH 2 OH 
CH 2 OH 



(XIX) 



25 



(CH 3 ) 3 N ± -CH 2 CH 2 OH (XX) 
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3. Diphosponates according to Claim 1, characterised by 
the fact that the mentioned amino-alcohols are cyclic and 

hetero cyclic amino-alcohols and are chosen among 



(XXI) 
CH 2 CH 2 OH 



O 



(XXII) 

N'~ 
I 

CH 2 CH 2 OH 



r j (xxm 

c!:h 2 ch 2 oh 



NH 

r j (xxiv) 

CH 2 CH 2 OH 
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4. Diphosponates according to Claim 1, characterised by 
the fact that mentioned linear or branched substituted or 
non substituted alkylidenic chain , defined in formula 
(I) , is chosen equal to: 



with n within 1 and 6, where R 2 =R3 or R 2 *R 3 and R 2 and R 3 
are chosen among H, linear or branched, cyclic, 
substituted or not substituted alkyl groups, or R 2 and R 3 
represent together with the nitrogen atom N an aliphatic 
or aromatic hetero-cycle. 

5. Diphosponates according to Claim 1. characterised by 
the fact that mentioned substituted alkylidenic chain, 
defined in formula (I) , is also chosen equal to 




I (CHz)h-R4 (XT 

where n is within 1 and 6 and R 4 is chosen among: 
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6. Diphosponate according to Claim l, characterised by 
the fact that is a salt obtained between a diphosphonic 
acid of general formula (I) , where R*Rx, R is chosen 
equal to OH and R x is chosen as substituted linear 
alkyldienic chain of formula (X), where n=3, R 2 and R 3 
are equal to H according to the following formula: 

o 

OH ]j> — OH 

HO <p— (CH 2 ) 3 NH 2 

OH— P— OH 

A (XXVI) 
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or 



4-amino-l-hydroxybutane-l, 1 



bi-phosphonic 



acid 



(alendronic acid) and one branched amino-alcohol of 
formula 



or 2-amino-2-hydroxymethyl-l, 3-propanediol ( trometamine) . 



to claim 1, comprising the following steps: 

• mixing of a diphosphonic acid of general formula (I) 
dissolved or suspended in appropriate solvent , with an 
amino-alcohol, possibly also dissolved in a proper 
solvent. 

• Cooling of the mixture obtained and/or possible 
treatment with a proper solvent, to obtain a 
diphosphonate or salt of the mentioned diphosphonic 
acid of general formula (I) and the mentioned amino- 
alcohol 

• Filtration, washing, possible purification and dryness 
(lyophilisation) of mentioned product (salt) . 

8. Use of diphosphonates or their salts between a 
diphosphonic acid of general formula (I) and amino- 




CH 2 OH (XIX) 



7. Process for the preparation of diphosphonates according 



WO 99/02539 



PCT/EP98/04238 



acohols as in Claim 1, for the the treatment of 
osteoporosis , 

9. Pharmaceutical compositions for the treatment of 
osteoporosis comprising at least one diphosphonate or a 

5 

salt between a diphosphonic acid of general formula (I) 
and an amino- alcohol as in Claim 1, as active 
principle. 

10. Pharmaceutical compositions, according to Claim 9, 
characterised by the fact that are prepared for 
parenteral ( intravenous) administration. 

11. Pharmaceutical compositions, according to Claim 9, 
characterised by the fact that includes liposomes or 
niosomes and proper carriers which allow the controlled 

15 release of the active principle. 

12. Pharmaceutical compositions, according to Claim 9, 
characterised by the fact that they have the following 
composition: 

- LECINOL LS (liposomes) , 20% 

20 

- SALT OF 4 — AMINO — 1 —HYDRO X YBUT ANE - 1 , 1-BIPHOSPHONIC ACID, 
(ALENDRONIC ACID) AND 2-AMINO-2-HYDROXYMETHYL-1 , 3 
PROPANDIOL, ( TROMET AMINE ) , 15% 

(Ratio between alendronic acid and trometamine =1:1) 

- TROMET AMINE BASE: 1* 



WO 99/02539 



PCT/EP98/04238 



31 

~ CHOLESTEROL; 4% 

~ PROPYLENGLYCOT,; 10* 

- ETHANOL ; 1% 

~ CARBOPOL ET D 2 020: 0.5% 
5 ~ Na ? EDTA : 0. 15% 

- NIPAGIN: 0.2% 

- PHENONIP ( CONSERVATIVES r 0.3% 
~ CITRIC ACID : 0.2 

- BHTr 0.01 

10 - WATER ; to 100 % 

13. Pharmaceutical composition, according to Claim 12, 
characterised by the fact that is under liposomal form 

14. Diphosphoates according to Claim 1, characterised by 
the fact that molar ratios between mentioned 

15 diphosphonic acids and the amino-alcohols are in a 

molar ratio between 1:1 and 1:2. 
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